We recorded the electroencephalogram (EEG) from 14 healthy volunteers during standing and active walking with a robotic gait orthosis. Infomax independent component analysis decomposed the EEG into independent components (ICs), representing brain, muscle and artifact sources. ICs were clustered across participants based on their anatomical position and spectral patterns. Coherence was computed between clusters. We show that walking compared to standing decreases α (8-12Hz) band coherence between sensorimotor areas. Additionally lower γ band (30-36Hz) coherence between the premotor cortex and the sensory cortex is enhanced. Our results suggest different functionalities at α and γ synchrony on sensorimotor processing during locomotion.
Introduction
In stroke patients, lesions can disrupt processing pathways between brain regions [1] . This can cause motor deficits not directly related to the function of the affected site. It is important to investigate which brain areas interact during the execution of a specific motor task to be able to target behavioral decifits during rehabilitation procedures. Little so far is known about the cortical processing pathways during locomotion. In this work we compared synchrony between cortical areas during standing and walking in a gait robot.
Methods
We recorded the electroencephalogram (EEG) from 120 sites from 14 healthy volunteers (24 ± 2 years, 8 male) during standing (3 runs of 3 min) and active walking (4 runs of 6 min) with a robotic gait orthosis (Lokomat, Hocoma). Fig. 1 summarizes the experiments. EEG Analysis: Preprocessing included filtering from 1 to 200 Hz, resampling at 500 Hz and manual artifact rejection. Infomax independent component analysis [2] decomposed the EEG into independent components (ICs), representing brain, muscle and artifact sources. A single equivalent current dipole, was calculated for each IC. ICs were clustered across participants based on their anatomical position and spectral patterns [3] . The resulting clusters were checked for matching ICs from each subject (i.e. at least one IC per participant per cluster). Only cluster pairs that contained matching ICs from at least half of the participants were included in the following analysis. This procedure resulted in nine cluster pairs for comparison. Linear coherence was then computed between cluster pairs for matching ICs, from 1 to 46 Hz using two non overlapping time windows of 500 ms over 100 trials for each condition before and after the right heelstrike (time between controlateral steps 1 s). For standing, artificial epochs of 1 s were created. Coherence was computed according to Eq. 1
where S xx and S yy are the autospectra of IC1 and IC2 for each condition and S xy is the cross-spectra of the IC pair.
Coherence was considered to be significant if it was greater than the 95% confidence limit CL [4]
where n is the number of trials used for spectral estimation. Coherence values between conditions were compared between pairs of clusters only for frequency ranges that showed significant coherence. Coherence between ICs was z-transformed and then averaged in the following bands:
θ (3-6Hz), α (8-12Hz), lower β (15-20Hz), upper β (22-30Hz) and lower γ (30-36Hz). Paired t-tests were computed with a bootstrap method and the significance level was Bonferroni corrected a priori at 0.05.
Results
Seven cluster pairs revealed significant coherence in at least one of the conditions. Three of these cluster pairs (see Fig. 2 ) showed significant differences between movement conditions (see Fig. 3 ). Tab. 1 shows single cluster properties. Coherence in the α band between BA6 (BA = Brodmann area) and BA5 is significantly suppressed during walking compared to standing while coherence in the lower γ band shows the opposite pattern (significant increase during walking vs. standing). Synchrony in the α band between BA6 and BA5 and between BA31 and BA6 is significantly increased during standing compared to the walking task. 
Discussion
This is the first study showing that robot-assisted walking alters the coherence between brain areas. Our analysis revealed that walking compared to standing decreases α band coherence between sensorimotor areas. Prior studies suggest that α band synchrony can be associated with the inactivation of cortical regions [5] , thus we may consider that walking increases activation in sensorimotor areas. Interestingly, walking compared to standing increases lower γ band coherence between the premotor and the sensory cortex. In [6] the authors have shown that γ band synchrony (35-40Hz) is associated with a shortening of reaction times and could be related to preparatory top-down modulation of sensory processing. Thus during walking the premotor cortex might enhance preparatory activity in the sensory cortex via increased γ band synchrony. Our results support findings on different functionalities of α band (inhibitory) and γ band (excitatory) synchrony on motor processing and suggest that these effects are present during locomotion. 
